Background: Osteoarthritis (OA) is a debilitating disease resulting in substantial pain and functional limitations. A novel blood derivative has been developed to concentrate both growth factors and antagonists of inflammatory cytokines, with promising preliminary findings in terms of safety profile and clinical improvement.
trauma and isolated cartilage lesions, may lead to the loss of this homeostasis, resulting in degeneration of the articular surface and, ultimately, to osteoarthritis (OA). 1, 17 With the population aging, the OA prevalence is increasing, along with its effect on society. 10 Thus, one of the goals of modern medicine is to extend the quality of life and years of activity of the population affected by cartilage lesions and OA.
Numerous approaches have been proposed as noninvasive treatments to avoid or delay the need for metal resurfacing, with variable success rates. But none has been clearly shown to modify the natural history of the disease and can be considered an ideal procedure for OA treatment. 4, 13 Among the emerging treatment options, injective strategies based on the use of autologous blood derivatives have been the subject of vigorous scientific investigation and introduced into clinical use. 13, 20, 21 In this landscape, autologous protein solution (APS), prepared using the nSTRIDE APS Kit (Zimmer Biomet), has been developed. This is a blood derivative that provides a milieu of bioactive factors (eg, EGF, IGF-1, PDGF-AB and -BB, VEGF, and TGF-b1) together with a high level of anti-inflammatory cytokines (eg, IL-1ra, sIL-1RII, sTNF-RI, and sTNF-RII) while ensuring low levels of proinflammatory molecules (eg, IL-1b and TNFa) due to the filtration of the platelet concentrate through polyacrylamide beads. 28 The APS Kit contains the APS Separator, which isolates platelets and white blood cells in a small volume of plasma, and the APS Concentrator, which concentrates the platelets, white blood cells, and plasma proteins further. It is this unique output of concentrated platelets, white blood cells, and plasma proteins prepared from patients' blood at the point of care that enables it to contain high concentrations of anti-inflammatory cytokines and anabolic growth factors, which differ from other biologic products. Platelet-rich plasma (PRP) mainly contains anabolic growth factors. Autologous conditioned serums contain lower concentrations of anti-inflammatory cytokines, require incubation, and usually use a series of injections. Finally, this procedure does not lead to stem cell concentration, thus differing from procedures aimed at taking advantage of concentrated or expanded stem cell properties, which, despite reported preclinical success, have not been proven to be an effective solution in treating OA. 9 In vitro studies have shown that inhibition of the production of inflammatory cytokines and destructive proteases, together with the stimulation of cell proliferation in cartilage tissue likely due to the simultaneous delivery in APS of multiple anti-inflammatory and anabolic agents, is effective in preventing cartilage matrix degradation than are recombinant antagonists of inflammatory molecules. 24, 28, 34 A prospective randomized clinical trial in horses with naturally occurring OA demonstrated a decreased lameness at 14 days, with this benefit maintained up to 52 weeks. 5 Moreover, another study confirmed that high concentrations of anti-inflammatory molecules and growth factors can be obtained by all patients regardless of the degree of articular cartilage degeneration and age (with ages ranging from 22 to 85 years), thus prompting its use in OA patients. 27 Finally, a recent preliminary evaluation in a small cohort of patients showed the safety and confirmed the benefit of a single intraarticular injection in terms of pain improvement, 19 supporting the rationale to provide a proper concentration of white blood cells, platelets, and plasma to address OA and prompting further studies to validate these promising findings.
The hypothesis was that APS injection provides a superior outcome compared with saline. Thus, the aim of this study was to demonstrate if 1 APS injection can reduce pain and improve function in patients affected by knee OA in a prospective, randomized, double-blind, saline-controlled study.
METHODS

Patient Selection and Study Design
The present multicenter, double-blind, randomized, salinecontrolled trial was approved by the hospital ethics committees, and each patient signed a written consent form (ClinicalTrials.gov identifier: NCT02138890). The study was conducted over a 2-year time span (2014) (2015) (2016) in the inpatient departments or in sports medicine institutes and highly specialized referral centers for orthopaedics. Fortysix patients were included (CONSORT [Consolidated Standards of Reporting Trials] flow diagram showing patients' inclusion and follow-up is reported in Figure 1 ) in the trial according to the following criteria: (1) male or female 40 years and 75 years, (2) willingness and ability to comply with study procedures and visit schedules and ability to follow oral and written instructions, (3) diagnosis of knee OA grade 2 or 3 according to the Kellgren-Lawrence grading scale based on a radiograph performed within 6 months before screening, (4) body mass index 40, (5) mean total score of the 5 pain subscale items together on the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) LK 3.1 questionnaire .1.75 and \4 at screening and at baseline; (6) failed at least 1 conservative OA therapy; (7) signed an independent ethics committee-approved informed consent form (exclusion criteria described in detail in Table 1 ). Patients could be screened into the study, but their WOMAC pain scores could be too low or too high on the day of treatment and become a screen failure. They are separate from the 24 excluded patients. The demographics and pretreatment score levels were similar between groups (detailed description in Table 2 , where the data of the efficacy analysis population have been reported: 29 patients for APS group, 14 for saline group).
Randomization and Blinded Treatment Procedure
Patients were randomized 2:1 in 2 treatment groups: the first one was treated by a single injection of APS, whereas the second group received a saline injection (0.9% sodium chloride solution). The 2:1 randomization was performed for ethical reasons, that is, to limit the number of patients receiving placebo and increase the number of patients receiving this promising therapy. A ''blinding sleeve'' was used to mask the syringe content to blind the participants. The randomization list was provided by an independent statistician, and sealed envelopes were kept in a dedicated office. One member of the physician team contacted this office just before the injection to learn the treatment allocation.
All patients had blood drawn, from which the APS was prepared for injection for patients randomized to the APS group. The nSTRIDE APS Kit with Anticoagulant Citrate Dextrose Solution-Formula A was used, a single-use device designed to concentrate growth factors and anti-inflammatory cytokines from whole blood in 2 steps: the first one with the nSTRIDE Cell Separator to separate the cellular components from plasma and red blood cells in whole blood, a suspension that was loaded in the second step in the nSTRIDE Concentrator, which uses filtration through polyacrylamide beads to concentrate the cytokines in the injectable output. The output of the APS Kit contains high concentrations of platelets, white blood cells, and plasma proteins. A detailed characterization of the output can be found in O'Shaughnessey et al. 27 After all joint fluid was aspirated, approximately 2.5 mL of APS or saline was injected into the joint via ultrasound guidance. The injector chose the position of the knee (eg, extended or bent) and the approach for the injection (eg, medial or lateral). At one study site (Rizzoli Orthopaedic Institute, Bologna, Italy), blood was drawn for 2 APS Kits from every patient (n = 17, 1 sample not recorded). The output of the first APS Kit was injected intra-articularly, and the output of the second APS Kit was stored in a -80°C freezer for further analysis. An APS sample was also prepared from patients enrolled in the saline control group and stored in a -80°C freezer for further analysis. After all patients were enrolled in the study, the concentrations of IL-1ra, sIL-1RII, IL-1b, sTNF-RII, and TNFa in APS from treatment and control participants were measured using ELISA kits (R&D Systems).
After the injection, patients were sent home with instructions to limit the use of the leg for at least 24 hours and to use cold therapy/ice on the affected area to relieve pain. After treatment, the use of nonsteroidal medication was forbidden, while allowed OA medication was standardized to be oral acetaminophen/paracetamol (maximum of 3 g per day) for all patients during the study. A gradual resumption of normal sport or recreational activities was allowed as tolerated.
Clinical Assessment and Evaluation Items
The primary objective of this study was to evaluate the effect of a single dose of APS on pain in patients with knee OA. All patients were evaluated before the injection and then at 2 weeks and at 1, 3, 6, and 12 months after treatment by a physician not involved in and blind to the injective treatment to maintain the double-blind design of the study. Safety and tolerability were assessed for adverse events (AEs) and injection-site reactions, physical examinations, knee examinations, and vital signs were evaluated at baseline and postinjection up to 12 months. Clinical efficacy The responders were defined as patients who achieved a high degree of improvement in either pain or function, or a moderate degree of improvement in 2 of the 3 response domains (pain, function, global assessment), according to the criteria defined by Pham et al 29 (Table 3 ). Structural changes have been assessed by evaluating any changes on radiograph and magnetic resonance imaging (MRI) from baseline to 12 months and at 3 and 12 months after injection, respectively. In particular, all images were sent to an imaging core lab and were evaluated by 2 independent musculoskeletal radiologists blinded to each other's assessments. Disagreements between the primary reviewers were resolved by a third independent reviewer. The reviewers were blinded to the treatment group and did not have access to clinical outcomes data during the study. The change from screening to 3 and 12 months for each MRI Osteoarthritis Knee Score (MOAKS) parameter was evaluated to determine if there was a difference between treatment groups. In addition, joint space narrowing on radiographs was evaluated for differences between treatment groups.
Efficacy Analysis Population
For analysis, the primary efficacy analysis population (intentto-treat) group consisted of all participants for whom the treatment procedure was initiated and who had at least 1 baseline and post-baseline observation on the primary efficacy endpoint. Secondary efficacy analyses were performed on the per-protocol population, consisting of the intent-to-treat group modified to exclude subjects having major entry violations likely to affect outcome as determined by blind review (29 patients in APS group, 14 in saline group).
Safety Analysis Population
For analysis, the safety analysis population included all participants who received an injection of either APS or saline. Analysis of safety endpoints included all data regardless of whether it was collected inside the protocoldefined window. Valgus/varus deformity judged by the investigator to be clinically significant 6
Disease of spine, hip, or other lower extremity joints of sufficient degree to affect assessment of the study knee 7
Untreated acute traumatic injury of the index knee 8
Presence of a symptomatic meniscal tear in the index knee 9
Limited daily activity for reasons other than OA 10
Presence of surgical hardware or other foreign body in the index knee 11
Arthroscopy (unless solely diagnostic in nature) or open surgery in knee within 6 months before screening 12
Intra-articular steroid injections in any joint within 3 months before screening 13
Intra-articular hyaluronic acid in any joint within 6 months before screening 14
Other intra-articular therapy in any joint within 6 months before screening 15
Taking systemic steroids within 2 weeks before screening 16 Planned/anticipated surgery of the knee during the study period 17
Any clinically significant results at screening (values or findings outside of normal ranges that are deemed clinically significant by the investigator) 18 Less than 5 years history free of malignancy other than nonmelanoma skin cancer 19 Any serious, nonmalignant, significant, acute, or chronic medical condition or active psychiatric illness that, in the investigator's opinion, could compromise patient safety, limit the patient's ability to complete the study, and/or compromise the objectives of the study 20 Skin breakdown at the knee where the injection is planned to take place 21
Pregnant or nursing mothers, or women likely to conceive a child and unwilling to use a reliable form of birth control for the duration of the study 22 Known recent history of drug or alcohol dependence 23
Use of any investigational drug or device within 30 days before screening, or 5 half-lives, whichever is longer 24
Use of any investigational biologic within 60 days before screening
Statistical Analysis
The sample size was not statistically powered, as the trial was designed as a pilot study using an exploratory design to collect information about device efficacy, functionality, and safety, as well as the necessary data to power future studies. For normally distributed data, t test or analysis of variance was used. Otherwise, the Wilcoxon test was used. Categorical variables were analyzed using the Fisher exact test (for 2 3 2 tables) and using the likelihood ratio chisquare test when more than 2 rows or columns were analyzed. For all tests, P \ .05 was considered significant. All statistical analysis tests were performed using SAS version 9.2 for Windows.
RESULTS
Patient groups were homogeneous for demographics and baseline WOMAC LK 3.1, KOOS, VAS pain, SF-36 survey, and the global assessments of the severity of OA CGI-S and PGI-S (Table 2 ). In the APS group, 1 patient did not complete the 3-month follow-up visit and 1 patient did not complete the 12-month follow-up visit.
Cytokine analysis of the APS from patients at 1 site in the study contained high concentrations of anti-inflammatory cytokines and low concentrations of inflammatory cytokines (Table 4) . In baseline blood, these concentrations have been reported to be IL-1ra: 7600 6 2500 pg/mL; sIL-1RII: 9500 6 2500 pg/mL; IL-1b: 3.3 6 1.1 pg/mL; sTNF-RII: 1500 6 490 pg/mL. The concentration of TNFa in whole blood, like APS, is below the range of the standard curve (15.6 pg/mL). 27 The APS Kit produced an output containing high concentrations of white blood cells (48.4 6 16.7 k/mL).
No major complications related to the injections were observed during the treatment and follow-up period. No significant differences between treatment groups were observed in analyses of AE type (only knee pain and joint warmth were reported), severity, device relatedness, or procedure relatedness (Table 5 ). Three serious AEs were reported, of which 2 occurred in APS-treated patients (bladder cancer and kidney stone requiring urethral stent) and 1 in a saline-treated patient (meniscus tear in nonstudy knee). All 3 events were considered unrelated to the device or to the procedure. The 1 device-related AE was arthralgia, which the subject recovered from after treatment. There were 6 procedure-related AEs (all arthralgia). Procedure-related AEs included no device deficiencies, and no unexpected serious adverse device events were observed. The majority of patients did not use any acetaminophen/paracetamol either at baseline (APS, 86.2%; saline, 64.3%) or at 12 months (APS, 96.6%; saline, 100%), with no significant difference between groups.
No significant difference in improvement in WOMAC pain scores in comparison to saline control was found at 2 weeks, 1 month, 3 months, and 6 months. However, at 12 months after the procedure, although both groups showed a significant improvement of WOMAC pain score over time (APS, P \ .0001; saline, P = .0012), the APS group reported a mean 65% improvement, while the saline group had a mean 41% improvement over the same period, with a significant difference in percentage improvement between groups (P = .02) (Figure 2) . Also, no significant difference in improvement in VAS pain scores in comparison to saline control was found at 2 weeks, 1 month, 3 months, and 6 months. But after 12 months, VAS pain score had improved 49% in the APS group versus 13% in the saline group (P = .06) (Figure 3) . The OMERACT-OARSI responder rate showed that the majority of participants (.50%) were considered responders at months 3, 6, and 12 in the APS group (12 months: APS, 65.5%; saline, 50.0%) (see Table 6 for details).
No difference between treatment groups was observed in the responder rate. However, it is important to note that the responder rate continued to increase over the 12-month time period in the APS group, while the maximum responder rate in the saline group was reached at month 6 (64.3%) and had declined by the 12-month time point. Longer term follow-up will be required to determine if this trend continues. Finally, at 12 months, in the SF-36 subscales Bodily Pain (APS, 47.0 6 9.3; saline, 39.2 6 7.0; P = .0085) and Role Emotional Health (APS, 49.6 6 10.5; saline, 42.5 6 9.8; P = .0410), a significant difference was observed between treatment groups, and the percentage of patients reported by the physicians (CGI-C) as being improved (minimally, much, or very much) was 79.3% and 50%, in the APS and saline groups, respectively. In this analysis, a significant difference between groups was observed (P = .01). There were not any significant differences in these measurements between groups at earlier time points. There were no significant differences in other outcome measures (SF-36, KOOS, PGI/CGI) at any time point.
The MRI analysis underlined significant differences between groups in change from baseline to 12 months in bone marrow lesion size and osteophytes. Osteophytes and bone marrow lesions in the central zone of the lateral femoral condyle got larger control participants, whereas they remained unchanged in APS-treated participants ( Figure 4) . In other compartments, no significant differences were found. At 3 and 12 months, MRI data did not show any difference between treatment groups in the change in any of the normalized quantitative measurements of T2 relaxation time, nor in any other measurements (see Section 2 of the Appendix, available in the online version of this article). No significant changes or differences between groups were detected in the radiograph data.
Finally, there was no significant correlation between the change in any of the semiquantitative assessments from MRI and the change in the WOMAC pain score, with the exception of the change in the size of cartilage loss in the central zone of the medial femoral condyle (P = .025). However, the proportion of subjects with changes in the qualitative assessments was small, so these P values are only helpful in identifying possible trends in the data.
DISCUSSION
The main finding of the present study is that a single intraarticular APS injection is safe (similar to saline injection) and provides pain improvement at 1 year in patients affected by knee OA. Other measurements, including VAS, responder rate, KOOS, and SF-36, failed to show significant differences compared with a saline control injection. MRI analysis demonstrated few significant differences between treatment groups; however, there were significant differences between groups in change from baseline to 12 months in bone marrow lesion size and osteophytes in the central zone of the lateral femoral condyle, both in favor of the APS group as measured by MOAKS. No changes between groups were measured in cartilage; therefore, further studies are warranted to determine if changes in bone marrow lesion size and osteophytes could be attributed to APS or if these observations were caused by other factors.
This novel autologous therapy merges the advantages of different treatment strategies. The first attempt with a blood-derived technology, targeted to the imbalance of proand anti-inflammatory cytokines driving cartilage degeneration, was performed in the mid-1990s. Based on the observations of Meijer et al, 25 who noted that exposure of blood to glass beads elicits a vigorous, rapid increase in the synthesis of several anti-inflammatory cytokines including IL-1Ra, autologous conditioned serum was developed in an attempt to generate an injectable product enriched in endogenous IL-1Ra as a novel therapeutic solution for OA. A randomized, double-blind, saline-controlled trial 3 showed a considerable improvement, with results even superior to those of hyaluronic acid. Nonetheless, these positive findings have not been successively confirmed, 35 and further analysis has shed doubts on the biological potential of this product, showing increased levels not only of anti-inflammatory but also pro-inflammatory cytokines, with a lack of net direct effect on cartilage metabolism. 31 More recently, another blood-derived product, PRP, has gained increasing attention as a promising procedure, due to the pools of growth factors stored in platelet a-granules that have been found to take part in the regulation of articular cartilage.
14 Several in vitro studies and preclinical studies using different animal models provided the rationale for the clinical application of platelet concentrates, documenting positive effects and showing how intra-articular injections do not target only cartilage. PRP might also influence other tissues, such as menisci and synovia, and ultimately affect the entire joint environment, which may lead to the improvement reported in clinical practice. 14 An increasing number of studies have been published supporting the benefit of PRP for OA treatment. The results of this study compare favorably to PRP studies. For example, a recent randomized controlled study of a series of 3 leukocyte-reduced PRP injections failed to show statistical improvement in WOMAC pain compared with 3 injections of hyaluronic acid but did show improvements in International Knee Documentation Committee and VAS at 6 and 12 months. Leukocyte-reduced PRP had a 57% WOMAC pain improvement at 52 weeks in that study compared with a 65% WOMAC pain improvement measured after a single injection of APS. The time to onset of pain relief in this study was similar to that observed in PRP studies in which pain is statistically reduced within 2 weeks of injection. 7 However, the extent of the therapeutic benefit of PRP is still controversial, 11 with an increasing awareness of the need to optimize the biologic potential to clearly demonstrate the role of blood derivatives in OA treatment.
A strategy combining the concentration of both growth factors and anti-inflammatory molecules could offer a synergistic effect able to provide a significant therapeutic benefit. The uniqueness of APS is the content of concentrated platelets, white blood cells, and plasma proteins. PRP contains only concentrated platelets (and sometimes white blood cells), autologous conditioned serums contain plasma proteins with elevated cytokine levels, and other joint injections do not contain anabolic growth factors or cytokines. Research on blood derivatives still shows debate regarding whether or not white blood cells should be included in the autologous therapies. In particular, the presence of leukocytes is among the most discussed aspects concerning PRP formulations, as it has been suggested to be detrimental and impair the overall effects of PRP due to the release of metalloproteinases, other lytic enzymes, and reactive oxygen species that could stimulate an early inflammatory response within the joint environment. 14 However, other studies have shown more complex effects with less conclusive findings in terms of both molecule release and cellular influences on chondrocytes and synoviocytes, 2, 6 and the only available analysis of synovial fluids collected in humans 7 days after leukocyte-rich PRP treatment suggested that the presence of leukocytes did not induce a relevant in vivo up-regulation of pro-inflammatory mediators, in contrast with the evidence reported by in vitro studies. 23 The widely debated hypothesis that leukocytes in PRP might foster unwanted effects is sustained essentially in in vitro studies, 18, 30 but this assertion remains a mere speculation since in vitro studies cannot completely mirror the complexity of the joint environment, where multiple different cellular populations are involved in the pathophysiology of articular compartment and their cross-talk with a particular network of soluble factors actively and collectively modulates the joint response. 15, 22 In this landscape, the focus on the measurement of inflammatory cytokines in leukocyte-rich products provides an incomplete picture of the process that balances inflammation. This particularly applies to APS, where the cell solution produced in the first step is then processed in a concentration device containing polyacrylamide beads, which elicit the production of a highly anti-inflammatory solution. 27 Moreover, anabolic growth factors, including PDGF and IGF-1, are concentrated and act in concert to decrease IL-1b2induced NFkB activation. 26 Many anabolic growth factors are secreted by platelets' alpha granules, and APS contains a statistically significant concentration increase of the following anabolic cytokines over baseline blood: EGF, IGF-1, PDGF-AB and -BB, VEGF, and TGF-b1, which play an important role in the cartilage repair pathways. 14, 34 The pleiotropic effects of these bioactive molecules have been shown to lead to both chondroprotective effects, with the inhibition of matrix degradation, and even anabolic benefits on cartilage with an induced higher cellularity. 24 In addition, the synergistic interaction of the different cell components has been demonstrated by a clinical study of APS correlating the presence of white blood cells to a favorable cell release and, ultimately, positive clinical findings that last over time, extending the duration of the molecules' half-life itself. 19 In this study, we confirmed the clinical improvement of OA patients 1 year after a single injection of APS. The study design included both randomization and double blinding, allowing us to account for the placebo effect ascribed to intra-articular injections and new fashionable procedures 12 and, therefore, to demonstrate the superiority of APS with respect to saline injections on some variables at 1 year.
The extended timeframe it took for significant differences to develop between treatment and control groups could be attributed to the long-term effects of APS. APS has been shown to potentially restore homeostasis in the joint by blocking matrix metalloprotease production, 34 production of inflammatory cytokines from macrophages, 28 and extracellular matrix degradation in inflammatory environments, 24 as well as by decreasing lameness in dogs and horses with OA. 5, 33 Also, there are substantial placebo effects observed in almost every knee injection study, and it took some time for the potential changes in homeostasis in the joint induced by APS to overcome the waning placebo effect. It has been noted that the placebo effect is even greater in biologic trials where patients perceive they are getting a ''regenerative medicine'' therapy. 12 This effect was shown to affect scores differently: Control participants had a greater magnitude of improvement in VAS compared with WOMAC pain improvement scores, which could be attributed to previous observations that these scoring systems measure different components of the knee OA pain experience. 8 This study has some limitations. The first is the lack of a power analysis. However, this study is in line with the recently published literature in this field with similar study designs, 32 and these data will be the reference point for properly powered studies in the future to confirm the clinical effects against other injective treatments for OA patients. Moreover, the control group had fewer patients than did the treatment group: Based on the nature of the study (pilot, exploratory) and the nature of the investigated treatment (autologous therapy vs placebo), this 2:1 randomization was performed for ethical reasons (ie, to limit the number of patients receiving placebo). This asymmetric randomization procedure has been previously accepted in the literature, and according to US Food and Drug Administration guidelines (http://purl.access.gpo.gov/GPO/LPS117512, http://www .spirit-statement.org/trial-design/), increasing the number of patients receiving the injection is more likely to provide a clinical benefit according to the promising preliminary results. 19 Another limitation is the lack of analysis regarding possible malalignment, which could be a poor prognosticator for many nonoperative OA treatments, especially considering the MRI findings suggesting changes in a single compartment. However, this aspect was considered in light of the overall clinical evaluation, and it was deferred to the investigator's judgment.
Another interesting finding that deserves to be highlighted is that no differences could be detected between groups at 1, 3, and 6 months of follow-up. In fact, the lack of difference may be ascribed more to an unexpectedly high response to the saline injection than to a lack of improvement after APS injections. This strong saline effect may be related to a placebo effect, which may play an important role in injective treatments, as previously shown in similar studies on new regenerative injective treatments. 12, 13 Whereas at this short follow-up few differences could be detected from the imaging evaluation at 1 year after evaluation, no signs of worsening could be detected at the last follow-up. Significant improvements were seen in some imaging parameters, and to the best of our knowledge, this is the first time such an observation has been observed in a human randomized controlled trial. In a case series of 15 patients with knee OA who received PRP injections, 12 of 15 patients did not get worse and 1 of 15 showed improvement in the medial compartment. 16 Although the half-life of proteins and cells is on the order of hours to days, the effect seen in pain relief and changes in osteophytes and bone marrow lesions developed over the course of months. These results suggest that APS may be restoring homeostasis to the joint. Further studies should focus on the evaluation of APS effects over time, to understand the duration of the clinical improvement and to determine if 1 injection may also provide a protective effect by improving the status of the chondral surface or delaying joint OA progression. Finally, further studies are warranted to determine the benefit of this new autologous treatment with respect to other available injective therapies and understand the role of APS for the treatment of patients affected by knee OA.
CONCLUSION
This study supports the use and continued study of APS for knee OA. We demonstrated a similar safety profile to saline injection with a similar improvement in outcomes compared with baseline up to 6 months. At 12 months, we demonstrated a significant improvement in WOMAC pain score for APS compared with saline control.
